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Wednesday, February 19, 2014 783awhen the neck linker is constrained in a backward extended conformation. To
further investigate the effect of crosslinking on the ATP hydrolysis kinetics,
we measured mant-ADP release after rapid mixing with microtubule and subse-
quent mant-ATP binding rates of the monomers. Stopped flow measurements
showed thatADP release andATPbinding rates did not change after constraining
in the backward extended conformation, suggesting that eitherATPhydrolysis or
Pi release step may be the rate-limiting. When the neck linker is constrained in a
forward extended conformation, ATP binding rate did not changed but the ADP
release rate dramatically decreased. These results suggest that ATP hydrolysis
cycle of the motor domain can be differently regulated depending on the direc-
tion of the neck linker tension, explaining the alternate catalysis in the dimer.
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Microtubules carry out numerous functions in the cell, one of which is to pro-
vide tracks along which microtubule motor proteins walk. In the cell, these
filaments often form complex architectures, such as microtubule bundles.
Distinct types of bundles can form depending on the orientation of microtu-
bules within the bundle. Bundles that consist of parallel microtubules are
found in axons, while bundles comprised of randomly oriented microtubules
are present in dendrites. Additionally, antiparallel microtubule arrays are
known to exist at the spindle midzone. How do motors navigate these
complex microtubule architectures? Here, we study the motility of single
kinesin-1 motors on different types of microtubule bundles in vitro. We pre-
pared three types of microtubule bundles: bundles with tightly packed,
randomly oriented microtubules formed by depletion forces; spaced, antipar-
allel bundles formed by the microtubule crosslinking protein, MAP65; and
endogenous parallel microtubule bundles derived from neuronal-like pro-
cesses of CAD cells. We observe that kinesin processivity and velocity are
reduced on tightly packed microtubule bundles. This reduction in motility is
likely due to staggered, overlapping microtubules within the bundle that act
as obstacles for motors. We do not observe reduced motility on microtubule
bundles with crosslinking MAPs. We suggest that spacing between microtu-
bules within a bundle created by MAPs organizes the bundle architecture to
prevent staggered, overlapping microtubules from acting as obstacles for kine-
sin motors. Interestingly, we observe single kinesin motors to switch to adja-
cent, oppositely oriented microtubules within bundles that contain antiparallel
microtubules. We show that motors that switch to adjacent tracks during a run
exhibit an enhanced processivity. This suggests that the ability of single
motors to switch to adjacent tracks could be a mechanism used by kinesin
to circumvent obstacles. This study provides new insights into how kinesin
motors navigate complex tracks present in the cell.
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Kinesins are the unidirectional motor proteins, moving on microtubules and
being involved in various cellular functions. A motor domain of kinesin com-
prises the motor core: the ATPase catalytic site and MT-binding site, and the
neck region: adjacent to the motor core, and the N or C-terminal region: pro-
truding from the motor core. It is known that neck region and N or C-terminal
regions are essential for kinesin’s motor activity. Among the kinesin superfam-
ily, kinesin-1 moves toward the plus-end of the microtubule while Ncd is the
minus-end directed motor. This difference of directionality has long been
studied. A series of experiments using chimera motors whose components
are exchanged between kinesin-1 and Ncd demonstrated that the neck region
was the determinant of the directionality. However the chimera kinesin-1,
whose neck was exchanged with Ncd, also exchanged its C-terminal region
with Ncd. Thus, it is uncertain whether the C-terminal region of Ncd is the
determinant of the minus-ended directionality. To test this, we engineered other
chimeras. A chimera kinesin-1 having only the neck of Ncd did not change the
directionality. And another chimera kinesin-1 having both the neck and the
C-terminal region of Ncd changed into the minus-ended motor. These results
indicate that not only the neck but also the C-terminal region of Ncd is indis-
pensable to produce the minus-end directed motility. We then investigated
whether Ncd motor core itself has directionality. We engineered a mutant
Ncd whose neck was replaced with an artificial peptide, which is thought not
to interact with the motor core. This mutant showed the plus-ended direction-
ality. We conclude that Ncd motor core itself has ‘default’ plus-end direction-
ality and an appropriate interaction among the neck, the C-terminal region, and
the motor core of Ncd makes Ncd the minus-ended motor.3948-Pos Board B676
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Microtubules are microscopic tubular structures involved in a number of bio-
logical functions, such as cell division, intracellular transport, and mechano-
sensation. For particular functions, such as mechanosensation in C. elegans,
microtubule diameter, or equivalently protofilament number, is tightly regulated.
It is tempting to link microtubule diameter to microtubule bending rigidity, and
hence to mechanosensation. However, even the link between microtubule diam-
eter and rigidity remains unclear. Two particular challenges inmeasuringmicro-
tubule flexural rigidity as a function of diameter are the intrinsic heterogeneity in
microtubule structures in in vitro preparations, and the intrinsic heterogeneity in
microtubule rigidities measured for identically prepared microtubules.
In order to address these heterogeneities, we simultaneously determine micro-
tubule diameter and rigidity for single microtubules using statistical properties
gathered from a microtubule gliding assay. In this poster, we report a technique
we have developed to improve the precision of these measurements. The tech-
nique combines a microscope, integrated piezo-elements to control the sample
stage, and software to automatically track a single microtubule and reposition
the stage with nanometer precision to keep the microtubule centered within the
field of view. We have been able to effectively double the field-of-view in each
direction (from 30 micrometers to 60 micrometers), resulting in substantially
longer microtubule gliding trajectories while maintaining a tracking precision
on the order of 10 nm over the entire microtubule trajectory.
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Intracellular trafficking of membrane-bound organelles is a fundamental pro-
cess essential to many cellular functions including cell growth and signaling.
A variety of such organelles are transported by motor proteins such as kinesins,
dyneins and myosins, walking on cellular tracks made of microtubules and
actin filaments. Since studying the mechanical and biochemical functioning
of these transport systems inside the cell is extremely challenging, transport
is often mimicked in-vitro, for example by gliding motility assays. There, cyto-
skeletal filaments are propelled by motors that are conventionally immobilized
on a rigid substrate. In contrast, when transporting membrane-bound organelles
inside a cell the motors are diffusively anchored - either directly or via adaptor
molecules - to lipid bilayers. Such resulting ‘loose’ coupling may induce motor
co-ordination and is likely to change the collective motor dynamics.
In this study, we investigate the collective behavior of motor proteins anchored
to lipid bilayers. Using truncated kinesin-1 motors with a streptavidin-binding-
peptide tag we performed gliding motility assays on streptavidin-loaded
biotinylated supported lipid bilayers. Our results suggest a dependence of
the microtubule gliding velocity on both, the motor density as well as the
microtubule length. Based on measurements of the diffusion constants and
the velocity of motors and microtubules, a theoretical model is developed to
determine (i) the number of microtubule-attached motors and (ii) the force pro-
duced by an ensemble of motors.
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Intracellular cargo transport uses a combination of dynein and kinesin motors to
traverse along microtubule filaments in cells. It has been demonstrated that the
motion of cargo within a complex network of microtubules in live cells can be
viewed as a hindered random walk with correlation in the step size and dwell
times of successive steps (Tabei 2012). A mean zero random walk is surprising
considering that these processes are used for directed, unidirectional transport in
cells. Further, the individual microtubules within the network are dynamic and
the network is constantly changing. Although recent enlightening models have
revealed that themotion in cells can bewell-described by a subordinated random
walk, the combination of fundamental components for themolecularmechanism
are complex and still unknown. In order to better inform these models about the
activity of single motors within the network, we perform well-defined system-
atic experiments of processivemotors on anti-parallel or randomly-oriented fila-
ment bundles. Antiparallel bundles are created using MAP65 to crosslink
microtubules. Randomly-oriented bundles are created using depletion forces
from inert poly-ethylene glycol molecules in solution. We find that, kinesin
784a Wednesday, February 19, 2014motors can reverse direction and exhibit random-walk like behavior when
transitioning between microtubules within in the bundle at long times.
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Kinesin molecules walk by successively moving their heads to binding site on
microtubules. This walk involves 16 nm advances of each kinesin head, real-
ized by a conformational change in the structure of the molecule and by diffu-
sion. Most previous studies of kinesin focus on movement on microtubules
which have almost every binding site accessible. However, obstacles such as
other molecular motors or different proteins can occupy binding sites in front
of a kinesin. This study focuses on predicting the effects of obstacles on the dy-
namics of kinesin. First, a novel quantitative model is developed to capture the
diffusion of kinesin heads in the absence of obstacles. To obtain probabilities of
a head to bind at different neighboring sites, this model considers the combined
effects of the head geometry on the extension of neck linkers, the deformation
of the head, the interaction of the head and microtubules, and the dynamic
behavior of the coiled-coil structure of kinesin neck. The model reveals that
the unwinding of the neck and the binding of the head with tilted configuration
are required to obtain the comparable probability of side walk of kinesin as was
measured in previous experiments. Then, the motion of kinesin in the presence
of obstacles is studied by using this model. The results of previous experiments
with obstacles suggest that the unbinding rate of kinesin increases in the pres-
ence of interference with obstacles. Thus, this effect is also incorporated in the
model. The effects of the size and number of obstacles on the velocity and run
length of single kinesins are predicted. The new model can also be exploited to
other unsolved problems regarding the motion of kinesin heads such as
mechanical interferences between kinesin heads during collective transport.
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Intracellular cargo transport often involves multiple motor types, either having
opposite directionality or having the same directionality but different speeds.
Although a significant progress has been made in characterizing them at the
single-molecule level, predicting ensemble behavior of motors is challenging.
To understand how diverse kinesins attached to the same cargo coordinate their
movement and uncover the force-dependent properties of them, we carried out
microtubule gliding assays using pairwise motor mixtures from the kinesin-1,
2, 3, 5 and 7 families. To match their processivities and ensure identical binding
to the glass substrate, the motors were fused to the dimerization domain and
coil-1 of kinesin-1, and the neck-linkers were adjusted to have a uniform length
of 14 amino acids. Uniform motor densities were used and microtubule-gliding
speeds were measured as the fast motor ratio varied from 0 to 1. Coarse-grained
computational model of gliding assays recapitulated these experimental find-
ings for the ensemble behavior. The simulations incorporate force-dependent
velocities from the literature along with mechanical interactions between
motors bound to the same microtubule. The force dependence of unbinding
appears to be the key parameter that determines behavior in the multi-motor
assays and motor compliance plays a minimal role in the observed gliding
speed. Simulations also make predictions for the force dependent dissociation
rates for single molecule experiments. The gliding assays combined with the
modeling allows us to test hypotheses regarding the characteristics of diverse
kinesins under predominantly axial load, avoiding the large normal forces
inherent in optical tweezer experiments.
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The interaction between microtubules and actin filaments impacts many pro-
cesses during plant growth and development including cell division and expan-
sion. Despite numerous reports of co-localization between the two filament
types in the past, only recently plant kinesins with a calponin-homology domain
(KCH)were identified as putative dynamic cross-linkers. OsKCH1, aKCH from
rice, has been described to interact with corticalmicrotubules and actin filaments
both in vivo and in vitro. However, it remained unsolvedwhether this interaction
is static or dynamic. Here, we show that OsKCH1 drives the active sliding ofactin filaments along microtubules in vitro. We found that the sliding velocities
corresponded to the velocities of microtubules propelled along OsKCH1 immo-
bilized on glass substrates. This suggests that the motor interacts statically
with actin filaments and dynamically with microtubules. We propose that
kinesins with a calponin-homology domain play an essential role in the
dynamic interaction between microtubules and actin filaments in plant cells.
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Cytoskeletal motor proteins are required in many cellular processes, such as
intracellular transport and mitosis. Therefore, the biophysical characterization
of motor protein movement along their filamentous tracks is essential.
Commonly, stepping motility assays are used to determine the stepping and
detachment rates of various molecular motor proteins by measuring their speed,
run length and interaction time. However, comparison of these results proved to
be difficult because the experimental setup (e.g. bead assay vs. single-molecule
fluorescence assay), the experimental conditions (e.g. temperature, buffer or
filament preparation) and data analysis (e.g. normal vs. exponential distribu-
tion) can influence the results. Here, we describe a method to evaluate traces
of fluorescent motor proteins and propose an algorithm to correct the measure-
ments for photobleaching and the limited length of the filaments. Additionally,
bootstrapping is used to estimate statistical errors of the evaluation method. The
method was tested with numerical simulations as well as with experimental
data from kinesin-1 stepping experiments to show that the run length of
kinesin-1 is independent of the microtubule length distribution. Our work
will not only improve the evaluation of experimental data, but will also allow
for better statistical comparison of two or more populations of motor proteins
(e.g. motors with distinct mutations or motors linked to different cargos).Cell Mechanics and Motility IV
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The ability to sense and respond to temperature changes is necessary for biolog-
ical systems. However, the response of individual cells to local temperature
gradient is poorly understood. We have observed actomyosin dynamics within
a cell which responds to local thermo-stimulation produced by focusing infrared
(IR) laser. We found that the thermo-stimulation provokes spherical expansions
of the membrane, termed "blebs", in mitotic HeLa cells along the temperature
gradient. Similar blebs are observed during cell migration, cell spreading, cyto-
kinesis, and apoptosis. It has been proposed that the blebs form due to an in-
crease in intracellular hydrostatic pressure, which results in the breakage of
actomyosin cortex. Blebs can be induced artificially by laser ablation or by local
delivery of actin-depolymerizing drugs (Sedzinski et al., 2011; Paluch et al.,
2005). Cortical tension is also important for bleb expansion (Tinevez et al.,
2009). However, the specific mechanism of bleb formation remains unclear.
In this study, we demonstrate that blebs are induced by temperature gradient.
Different types of blebs were observed depending on the steepness of tempera-
ture gradient at the ambient temperature between 40 and 50C. Mitotic cells
which responded to the thermo-gradient formed asymmetrical actomyosin
network. A similar, but uniform increase in the ambient temperature did not
induce the directional bleb formation, suggesting that the temperature gradient
within a cell is essential for the bleb formation. When the motor function of
myosin II or the polymerization/depolymerization dynamics of actin had been
suppressed, smaller blebs were produced. These results hint to a new perspec-
tive that individual cells respond to local thermo-stimulation through shifting
the protein activity or concentration distribution.
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Biophysical interactions between cells and their local environment drive key
processes such as motility, differentiation and division. Both chemical and
mechanical factors regulate these cellular responses. The substrate topology
